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GIE NA YU

SUMMARY OF PROJECT 

Saccharomyces cerevisiae (baker’s yeast) was grown aerobically in the PENNCELL apparatus.  Death rate constants were calculated at different temperatures using the plot of absorbance vs. time.  The death rate constants and corresponding 95% confidence intervals for 44ºC, 46ºC, and 48ºC were 4.26E-3 ± 0.438E-3 min-1, 9.14E-3 ± 0.665E-3 min-1, and 36.1E-3 ± 5.409E-3 min-1 respectively.  The death activation energy Ed could then be calculated from the plot of ln kd versus 1/RT where kd is the death rate constant and T is temperature in Kelvin.  The calculated value of Ed was 108.058 kcal/mol with a 95% confidence interval of 231.466 kcal/mol.  This value was compared to the growth activation energy of aerobically grown yeast and death activation energy of anaerobically grown yeast.  When the large confidence interval was disregarded, the obtained Ed seemed reasonable.

OBJECTIVES

This experiment was designed to engineer a protocol to study the death rate constants and death activation energy of baker’s yeast Saccharomyces cerevisiae in an aerobic environment.  In the past, experiments to study the growth rate of baker’s yeast have been performed but we were unable to locate an experiment that studied the death rate of aerobically grown baker’s yeast.  In order to obtain these values, absorbance values of a population of yeast were taken periodically at various temperatures.  The absorbance values are assumed to correlate with the concentration of viable cells.  Death rate constants at each temperature could be calculated by plotting absorbance versus time.  The death rate constant was found to be equal to the absolute value of the curve’s slope.  We then attempted to find a relationship between these values and the temperatures at which they were determined.  We also attempted to locate a threshold for death.  Following the discovery of the death rate constants, the death activation energy can be calculated by plotting the natural log of the death rate constants versus 1/(RT), where T is temperature in Kelvin and R is the gas constant.  The absolute value of this slope is the death activation energy.

Previous studies on the growth phase of anaerobic yeast were used to formulate some hypotheses on the reaction of yeast to increased temperature.  They suggested that if the yeast were subjected to a high enough temperature, the growth rate would equal zero and only the death phase would be observed.  These studies suggested that this threshold temperature was around 40(C.  It was hypothesized that the death rate would increase exponentially as a function of temperature.  These hypotheses were based upon literature, with a few assumptions to fill in holes.  It is important to keep in mind that the study of the yeast death phase has never been performed under the set of conditions used for our project.  This means that there was no information on which to base our results.  Consequently, we had to devise a way to identify the death phase.  Our previous lab experience (specifically experiment 1) led us to believe that any decrease in absorbance was due to a decrease in viable cell numbers.  One possible explanation was that upon death, cells lyse, dissolving in solution.  Regardless of whether or not the dead cells would lyse, we postulated that their death should still lead to a decrease in absorbance.

BACKGROUND

In order to satisfy the objectives and test the hypotheses, the following information was taken into consideration:  the mechanical properties of the yeast, the non-instantaneous death of yeast, and the previous research done in the area of anaerobic Saccharomyces cerevisiae in regards to thermal death, which was found to be non-instantaneous at temperatures up to 50°C death.

With respect to the yeast cell wall, the authors of the article, The Mechanical Properties of Saccharomyces cerevisiae, Smith, et al., describe the way in which they determined its surface moduli and Young’s moduli.  In their study, they used a micromanipulation technique, which placed the yeast cell between two parallel plates, and measured the mechanical force as a function of the yeast cell deformation.  A mathematical model “idealized the cell as an inflated, liquid-filled sphere with a cell wall that is permeable and described by a linear-elastic constitutive relationship” (Smith, 9871).  One could find the surface modulus by matching the force determined from the cell deformation experiments to the force predicted from the model.  The Young’s modulus can then be determined by dividing the surface modulus by the average wall thickness.  After growing yeast anaerobically at 28°C in a well-mixed glucose solution at 300rpm, the surface moduli were found to be 11.1 ± 0.6 N/m in the exponential phase and 12.9 ± 0.7 N/m in the stationary phase.  The corresponding Young’s moduli were found to be 112 ± 6 MPa in the exponential phase and 107 ± 6 MPa in the stationary phase.  It could be concluded from Smith and Zhang’s research “yeast populations therefore strengthen as they enter stationary phase simply by increasing wall thickness” (Smith, 9872).  The yeast cell wall, which is comprised of beta glucan glucose polymer, covalently bonded man-ose polymers, and chitin, creates a “very rigid, highly complex structure… which enables it to be protected from its ever-changing environment” (Zhang, 607).  Methods to lyse this cell wall in the past have included lyse mutants, genetic control of the signal transduction pathway for cell wall protein synthesis, osmotic shock, and also changes in growth temperature.  At the same time, Mark Miller et al. found that yeast initiate the synthesis of heat shock proteins to protect cells from dying at higher temperatures.  Saccharomyces cerevisiae was grown in a tyrosine supplemented medium, with a doubling time of 215 minutes for the 22°C before a switch to 37°C, upon which the doubling time decreased to ~120 minutes.  He found that the number of synthesized proteins totaled 209 in time period of 40 minutes at 37°C.  Miller’s graphs indicate that the rates of syntheses for these proteins did not undergo major changes as a result of the temperature shift.  At this time, Miller proposed “transient exposure to high but tolerable temperature protects against rapid killing at otherwise lethal temperatures…with 37°C as the temperature for eliciting heat shock response” (Miller, 325).

The data from van Uden and Maderia-Lopes (1975) was used to give us an idea of the death rate constants of aerobic yeast because no information on aerobic thermal yeast death was found.  The 1975 -documented experiment dealt with respiration deficient mutants, indicating that this was an anaerobic experiment.  Aerobic yeast produces energy using oxygen, the Krebs cycle, glycolysis, and the electron transport chain.  Based on this fact, it was believed that the aerobic yeast would have a lower death rate then the anaerobic yeast calculated in table 3 in the appendix because the aerobic yeast would have more energy to increase its thermal resistance.  Unfortunately, the extent of the decrease in the death rate for aerobic yeast would be uncertain.

The data given in the van Uden and Maderia-Lopes studies (1975) was for super optimal growth temperatures, meaning there was still growth.  For the proposed experiment, the temperatures observed were chosen because there would be death without growth.  Figure 12 in the appendix displays the data from the 1975 article as well as the extrapolations made to estimate the observed death rates for the experimental temperatures proposed for anaerobic yeast.  From this, the death activation energy for anaerobic yeast was calculated to be 69.0515 kcal/mol with a 95% confidence interval of 7.147 kcal/mol.

Upon conferring with Dr. Erfei Bi of Bi Laboratories at the University of Pennsylvania, it was noted that absorbance may not accurately show a decrease in viable cell count, since lyses normally takes 72 hours, while the length of time has been decreased to less than 24 hours in a temperature range from 45-55°C in some cases.  A staining technique has been used in the past, in which methyl blue was incorporate to differentiate between viable and non/viable, in the sense that this dye was able to permeate non-viable cell walls, allowing the number of viable cells to be counted.
In regards to the non-instantaneous death of the yeast, when the number of cells that die exceeds the number of new cells being produced, the culture is said to have entered the decline phase.  This phase is also known as the death phase.  This speed of this phase is governed by the same conditions that affect the duration of the exponential phase.  From this information (from plating yeast anaerobically), it was determined that the cells do not die instantaneously at moderately high temperatures.  Yeast Stress Response illustrates approximate number of viable cells at various temperatures as a function of time.  For example, it is seen that at a temperature of 52ºC, it takes just under ten minutes to kill a hundred percent of the cells, which proves that instantaneous death of viable cells does not occur.

APPARATUS AND MATERIALS

Apparatus with uncertainties

· PENNCELL Culture Apparatus

· Milton-Roy Spectronic 20D Spectrophotometer ± 0.0005 absorbance units

· Brookefield TC-500 Heating Apparatus

· Beckman 21 pH Meter ± 0.0005 pH units

· Thermometer ± 0.5˚C

· Assorted glassware and plastic ware (50 mL plastic test tubes ± 2.5 mL, 2 cuvettes, large glass beakers)

Materials

· Saccharomyces cerevisiae  (Fleichmann’s active dry yeast)

· Sterile Growth Solution (Difco Bacto YPD Broth #0428-17-5)

· Sterile Water

METHODS AND PROCEDURE

Our project’s procedure represents a modified version of the experiment run in class.  The following portions of the experiment can be taken directly from the BE lab manual:

1. Preparation of the growth solution and yeast culture

2. Setup and sterilization of the PENNCELL apparatus

3. Setup of air flow and stirrer

4. Spectrophotometer warm-up and calibration

5. Procedure for sampling and taking absorbance readings

Several project-specific steps added to lab manual method:

1. A thermometer immersed in the solution was used to determine the actual temperature of solution.

2. Starting at time 0, the yeast was grown at 35˚C for about 180 minutes (we varied it from 165 to 210), giving us a chance to observe the log phase of growth.  During this time, absorbance readings were taken every 15 minutes.

3. Around time 180 (mid-log phase), the temperature inside the PENNCELL was raised by adjusting the target temperature gauge on the Brookefield heating apparatus*.  A summary of the temperatures studies by week can be found in table 2 in the appendix.

4. Once the yeast solution stabilized at the higher temperature (44˚C, 46˚C, 48˚C for week 1 and 48˚C, 50˚C, and 52˚C for week 2), absorbance readings were taken every 2 minutes for 30 minutes.  This procedure was used for the first two weeks.  During week 3, only 44˚C was studied, and readings were taken every 5 minutes for about 110 minutes.

5. During week 1, the temperature inside the PENNCELL was graphed against time in order to observe any relationship between these parameters.

6. During week 2, random samples were centrifuged.  Their absorbance readings were then compared to those of the blank and its original absorbance (before centrifuging).

7. During week 3, random samples were boiled.  Their absorbance readings were then compared to those of the blank and its original absorbance (before boiling).

*The anaerobic yeast death rates from the 1975 experiment were used to get an idea of what magnitude of absorbance to expect.  It was found that at the end of the 33 minute periods, at which the higher temperatures are held constant, the absorbance readings would be 1.036, 0.5459, and 0.1862, respectively, if the first temperature change to 44ºC was made at a 35ºC log phase absorbance of 1.4.
RESULTS
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Figure 1:  This graph displays all of the absorbance value readings taken in week 1.  The colors indicate the temperature, in ˚C, of the batch at which the absorbance readings were taken.  At 48˚C, the linear regression of the data was taken and the slope was not significantly different from 0 (table 6).  This implies that the yeast is dead.
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[image: image3.emf]Week 1:Curve @ 46 degrees C
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	Regression Statistics

	Multiple R
	0.994718

	R Square
	0.989463

	Adjusted R Square
	0.98841

	Standard Error
	0.007133

	Observations
	12


Figure 2:  This graph is the natural log of the absorbance versus time.  The death rate constant represents the absolute value of the graph’s slope.  Thus, the death rate constant at 46˚C is 0.0091 min-1.  The points in yellow were not considered in order to produce a best fit line with an R2 value as close to one as possible with as many points as possible.  The line’s regression statistics are below.

	 
	Coefficients
	Standard Error
	Lower 95%
	Upper 95%

	Intercept
	2.608814
	0.077276
	2.436632
	2.780996

	X Variable 1
	-0.00914
	0.000298
	-0.0098
	-0.00848
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week 3 data
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Figure 3:  This graph displays the higher temperatures at which the yeast were expected to die.  The overall absorbance decrease during the 48˚C period is 0.395 absorbance units.  The overall absorbance increase during 50 degrees is 0.025.  The overall absorbance decrease during 52˚C is 0.025.  The overall increase observed during 50˚C is not considered substantial, because the slope during this time is not significantly different from 0 as shown in table 7.  This implies that the yeast is dead.  Likewise, the decrease during 52˚C suggests that the yeast is dead.  While significantly different from 0, the upper confidence limit is very close to 0, close enough to say that they are not significantly different.  All of this suggests that death occurs at 48 degrees.  Thus, we believe that no substantial decrease at higher temperatures is observed because all the yeast have died before being subjected to 50 and 52˚C.
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[image: image11.emf]Week 2: Curve @ 48 degrees C
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	Coefficients
	Standard Error
	Lower 95%
	Upper 95%

	Intercept
	8.003795
	0.428663
	6.813634
	9.193957

	X Variable 1
	-0.0361
	0.001948
	-0.04151
	-0.03069

	Regression Statistics

	Multiple R
	0.994226

	R Square
	0.988485

	Adjusted R Square
	0.985606

	Standard Error
	0.0163

	Observations
	6


Figure 4:  This graph is the natural log of the absorbance verse time for 48 degrees.  The slope of this graph is the negative of the death rate constant.  The death rate constant at 48 degrees is therefore 0.0361 min-1.  The points in pink were disregarded in order to produce a best-fit line with an R2 value as close to one as possible with as many points as possible.  The line’s regression statistics are below.



Figure 5: This graph displays all of the absorbance value readings taken in week 3.  The colors indicate the temperature, in ˚C, of the batch at which the absorbance readings were taken.




Figure 6: This graph is the natural log of the absorbance verse time for 44 degrees.  The slope of this graph is the negative of the death rate constant.  Therefore, the death rate constant at 44 ˚C is 0.0043 min-1.  The points in pink were not considered in order to produce a best fit line with an R2 value as close to one as possible with as many points as possible.  The line’s regression statistics are below.

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%

	Intercept
	1.526446
	0.055846
	27.33307
	5.69E-10
	1.400113
	1.652779

	X Variable 1
	-0.00426
	0.000194
	-22.0095
	3.9E-09
	-0.0047
	-0.00382



	Regression Statistics

	Multiple R
	0.990838

	R Square
	0.98176

	Adjusted R Square
	0.979733

	Standard Error
	0.010153

	Observations
	11



 
Death rate constants obtained

	Temperature in ˚C
	Death rate constant (min-1) ± 95% confidence intervals

	44
	0.00426 ± 0.000438

	46
	0.00914 ± 0.000665

	48
	0.0361 ± 0.005409


Table 1:  This table displays all of the death rate constants obtained corresponding to their respective temperatures.  The death rate constants increase as the temperature increases.



Figure 7:  From the equation,

ln kd = -Ed/RT + ln A

Where kd = death rate constant, A=constant, Ed=death activation energy, R=gas constant (1.987 cal/mol*K), T=temperature in kelvin,

	Regression Statistics

	Multiple R
	0.986085

	R Square
	0.972365

	Adjusted R Square
	0.944729

	Standard Error
	0.254596

	Observations
	3


the ln kd vs. 1/RT is plotted to give a slope which is equal to the negative death activation energy.  In this case the death activation energy was found to be 108.058 kcal/mol*K.

The regression statistics and confidence intervals are listed below.

	 
	Coefficients
	Standard Error
	Lower 95%
	Upper 95%

	Intercept
	165.9099
	28.7275
	-199.106
	530.9258

	X Variable 1
	-108058
	18216.86
	-339524
	123408.6



Other Results


Figure 8:  During week 2, after an initial absorbance reading, several samples were centrifuged for approximately two minutes.  After two minutes each samples supernatant was taken and an absorbance reading was taken.  This graph shows those absorbance readings, in relationship to the unspun samples.  The absorbances were individually different from zero, but the average of all the spun absorbances were not significantly different from zero.  For the t-test:paired two sample for means, between zero and the mean of the absorbance after centrifusion, the t Stat is 0.32119 and the t Critical two-tail is 2.4469, hence the mean of the absorbances after centrifusion are not significantly different from zero.


Figure 9:  During week 3, two samples were taken after their initial absorbance reading and placed in a 75 degrees C water bath.  All of the absorbances after the water bath were found to be significantly different from the absorbance read before the water bath, using an absorbance reading error of 0.001.

ANALYSIS

In each graph, one can observe a log phase and a death phase.  Because 35ºC was found to be the ideal temperature at which to grow yeast (from class data), there was essentially no lag phase.  And since we were not interested in that phase anyway, we did not make any attempt to observe it.  After a reasonable time had elapsed (usually about 180 minutes), the temperature was raised.  This essentially stopped the log phase, leading to the immediate commencement of the death phase.  However we were a bit hasty week 1 (figure 1).  We saw no decrease in absorbance for the first half hour when studying 44ºC.  Thus we raised the temperature to 46ºC, hoping for better results.  Thankfully, these absorbance readings decreased steadily.  Of the 15 readings taken, 12 were used to construct a absorbance vs. time graph.  After this the temperature was raised again, to 48ºC, where a continuous, but larger decrease in absorbance rate was expected.  However an essentially constant absorbance was observed instead, implying that the yeast was neither dying nor growing.  This led to the conclusion that all the yeast were dead.  In the second week, following the same procedure, we raised the temperature even higher after the log phase to 48ºC; it is in this week that we observed a decrease in absorbance readings for 48ºC (figure 3).  The decrease rate was very sharp and very short as expected (0.370 absorbance units over 10 minutes) in comparison to 46ºC.  After this time the readings remained constant, as shown in table 7, through the subsequent temperature changes to 50ºC and then 52ºC.  Again these steady absorbance readings suggested that all the yeast were dead.  For the third week (figure 5) the procedure was changed.  It was noted that during the first two weeks, taking the absorbance readings every 2 minutes became tedious and impractical.  Also, we did not want to study a higher temperature because the temperature drop occurred too drastic over too short a period of time.  Thus, we decided to return 44ºC, the original temperature at which we observed the first week.  We reasoned that an insufficient amount of time was allowed for the yeast to show any signs of death.  Thus, if the yeast were given more time to die (like the entire lab period), a noticeable decrease in absorbance could be observed, allowing us to obtain a death rate constant.  So after the log phase, the temperature was raised to 44ºC, and kept there for the duration of the period.  Readings were taken every 5 minutes to keep us from rushing our readings and to make any changes in absorbance more apparent.  After a length of time the absorbance readings began to stabilize, meaning that all the yeast were dead.  The decrease rate of absorbance readings for 44ºC was the slowest of the three temperatures, as expected.

As a result of procedural modification, we ended up studying a different temperature each week:  46ºC, 48ºC, and 44ºC in that order.  In the future, for convenience, data will be discussed in increasing temperature order:  week 3, week 1, then week 2.

In week two, we analyzed the absorbance of the growth solution.  During the course of our procedure, seven samples of yeast were centrifuged after their absorbance readings were taken.  They were transferred from the cuvette to Eppendorf tubes, centrifuged for 2 minutes, and transferred back.  Their initial and final absorbances were then recorded.  These samples were taken at 203, 211, 221, 250, 270, 295, 315 minutes, and can be seen in figure 8.  The absorbance of each reading was not significantly different from zero.  This suggests that the absorbance readings were based solely on the concentration of yeast cells, and not on the medium they were placed in.  This inadvertently became our negative control, in that we made sure that absorbance readings were based only on yeast cell concentration and nothing else from the solution.
In week three, two yeast samples were subjected to a 75ºC water bath for 10 minutes in an attempt to kill the yeast almost instantaneously.  This would show any difference between the absorbance readings of presumably viable cells and dead cells.  However, these samples were taken at 308 and 328 minutes, at which the cells were either dead of near dead according to the graph.  This explains why the post-boiling absorbance readings are not significantly different from the actual readings taken at this time.  All of this is noted on figure 9.

Using the slope of figure 6, a death rate constant of 0.00426 ± 0.000438 min-1 was found for 44ºC.  The same method was used on figures 2 and 4 to determine death rate constants of 0.00914 ± 0.000665 min-1 and .0361 ± 0.005409 min-1 for 46ºC and 48ºC, respectively.  Looking at all the graphs it can be seen that the death rates correlate with our background information, which says that as the temperature increases, the death rate increases, in such a way that it satisfies the equation: ln kd = -Ed/RT +ln A, where kd is the death rate constant, Ed is the death activation energy, R is the gas constant, and T is temperature in K, and A is a constant.  From this equation one can see that as T increases the right side of the equation increases making kd increase, as stated above. 

 When each of these death rate constants was found for each temperature a graph of the ln kd vs. 1/RT was constructed (figure 7).  The magnitude of the graph’s slope was taken, and yielding a value of 108.058 kcal/mol*K with a 95% confidence interval of ±231.466 kcal/mol*K as the death activation energy of our yeast.  The confidence interval is large because the precision of the experiment is so low.  Due to time constraints, only three temperatures were observed and only three points could be plotted on figure 7.  The precision would have been higher if more trials at more temperatures were done.
With more data points, one can assume that our 95% confidence interval would decrease.  When we compared our obtained aerobic yeast death activation energy to the death activation energy of anaerobic yeast and the growth activation energy of aerobic yeast we found that our results were reasonable (statistically speaking the obtained aerobic yeast death activation energy is not significantly different from any of the above mentioned quantities).  

From the 1975 article, previously stated in background, the death activation energy for anaerobic yeast was calculated to be 69.0515 kcal/mol with a 95% confidence interval of 7.147 kcal/mol.  It was hypothesized that the death activation energy of the aerobically cultured yeast would not be significantly different from the death activation energy calculated from the anaerobic yeast data. The aerobic yeast death activation energy was found to be greater then the anaerobic yeast death activation energy by 39.0065 kcal/mol.  This result is probably due to the fact that aerobic yeast produces energy using the electron transport chain, glycolysis, and the Krebs cycle (38 ATP) compared to the anaerobic yeast, which produces energy only using glycolysis (2 ATP).  It is important to keep in mind that the electron transport chain contributes 34 of the 38 ATP molecules.  This is because certain protein complexes convert NADH to NAD+ molecules, allowing for the released H+ ions to later flow down its concentration gradient thought the ATP synthase channel, thereby creating vast amounts of ATP.  The large difference in death activation energy values is therefore the result of the aerobic condition, in which the protein complexes in the electron transport chain recycle NAD+ from NADH, thereby providing more NAD+ molecules to which the electrons of the glycolysis process can adhere.  This may provide a continuous process allowing for more resilient yeast.  “Without some mechanism to recycle NAD+ from NADH [as in anaerobic conditions], glycolysis would soon deplete the cells pool of NAD+ and shut itself down for lack of an oxidizing agent” (Campbell, 162).  As a result the aerobic yeast probably has more energy to guard against higher temperatures, explaining the higher death activation energy.

The aerobic yeast death activation energy was found to be 99.3402 kcal/mol greater then the aerobic yeast growth activation energy, which was calculated to be 8.7178 kcal/mol with a 95% confidence interval of ± 4.154 kcal/mol by extrapolating from previously obtained growth constants from Spring 2001 Bioengineering Laboratory II.  This seems reasonable because all things in nature cling to life.  Hence it should take less energy to cause growth then to cause death.  A physical example is that the cell wall of the yeast is a very strong structure protecting the yeast from its changing environment.  A higher death activation energy correlates with the idea of natural selection in that an organism has a better chance of propagating if it grows easily and does not die easily, as is the case for our yeast.

Some error can be attributed to the lag time associated with the process of taking absorbance readings.  Almost 30 seconds can pass from the time a yeast sample is taken away from its brothers to the time at which the absorbance reading is actually taken.  This error is more significant when readings are taken every 2 minutes, which is part of the reason why we chose to take readings every 5 minutes during the fifth week.  Meanwhile, the spectrophotometer had an error of 0.001 absorbance units associated with its display.

CONCLUSION

In summary, the three main objectives were reached but due to the heavy reliance on the assumptions made earlier the accuracy is still uncertain.  Three values for death rate constants at three different temperatures were obtained from the experiment.  The values were, with their respective confidence intervals, 4.26E –3 ( 4.38E-4, 9.14E –3 ( 6.65E -4, and 36.1E –3 ( 5.409E -3 for 44, 46, and 48(C respectively.  From comparison of these values with the literature values for these temperatures in an anaerobic condition it is obvious that the experimental values with oxygen were slightly higher.  However, one must remember that this is assuming that a decrease in absorbance, from which the death rates were calculated, means a decrease in viable cell concentration.  Towards the end of each trial, the group also assumed that constant values for absorbance meant that all cells were dead.  From these values for death rate constants it was possible to calculate the death activation energy. 

The calculated value for death activation energy was 108.058 kcal/mol with a 95% confidence interval of ( 231.466kcal/mol, which is not significantly different than the growth activation energy which was 8.717kcal/mol with a 95% confidence interval of ( 4.154kcal/mol, but the best obtained value of the death activation energy was higher then the growth activation energy.  Lastly, the experimental design must be evaluated because an effective design was one objective that was not completely completed.  The overall experiment went well and the fact that a decrease in absorbance was observed means that there was obviously some aspect of death of the yeast, which was observed.  However, the ability to accurately determine the viable cell concentration compared to total cell concentration was not determined.  It is recommended that as an addition to the experiment, staining should be included so that an actual viable cell count could be made and dead cell could be accounted for.  In addition, a procedure where it is possible to obtain more data points in less time may be desirable for increased accuracy.

In conclusion, the three goals were accomplished fairly well with the exception that a lot of the conclusions were based on assumptions.  Of the three objectives mentioned earlier, the design of the protocol was achieved least accurately.  A more accurate experiment could be devised using the knowledge gained from this project, but overall, our procedure yielded reasonable results.
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Appendix

Table 2

	Week 1
	Run at 35˚C for 190 minutes

Raise temperature to 44˚C, run for 30 minutes

Raise temperature to 46˚C, run for 30 minutes

Raise temperature to 48˚C, run for 30 minutes

	Week 2
	Run experiment at 35˚C for 165 minutes

Raise temperature to 48˚C, run for 30 minutes

Raise temperature to 50˚C, run for 40 minutes

Raise temperature to 52˚C, run for 40 minutes

	Week 3
	Run experiment at 35˚C for 210 minutes

Raise temperature to 44˚C, run until decrease in absorbance


Table 2:  This table summarizes the methods used by week.


Figure 10:  This graph displays the higher temperatures at which the yeast were expected to die.  During the 44 degrees period there was an overall increase in absorbance of 0.05.  During the 46 degrees period there was an overall 0.23 decrease in absorbance.  During the 48 degrees period there was a 0.04 overall increase of absorbance.  From this information, death was believed to be observed at 46 degrees.  A substantial decrease was not observed at 44 degrees because it was not observed for a long enough time period, and this idea is shown in week 3 where yeast death was believed to be observed at 44 degrees over a longer period of exposure at that temperature.  A further decrease in absorbance at the temperature of 48 degrees was not observed, we believe, due to the fact that all of the yeast cells died during the 46 degrees period.  The irregularity of the data points at 48 degrees are believed to be from disturbances in the stirrer which occurred during those times, before the apparatus was secured to the stirring plate.


Figure 11:  This graph displays all of the absorbance value readings taken in week 2.  The colors indicate the temperature, in ˚C, of the batch at which the absorbance readings were taken.  The temperatures are in ˚C.


	 Table of Death Rate Constants from

 Van Uden 1975

	Temperature in °C
	Death Rate Constant in min-1

	37.5
	0.625

	38
	0.633333

	38.5
	0.641667

	39.4
	0.656667

	39.6
	0.66

	39.8
	0.663333

	39.9
	0.665

	40
	0.666667

	40.1
	0.668333


Table 3:  Table of values used to calculate
Figure 12:  Natural log of the death rate versus 1/RT based

the death activation energy of anaerobically
on data from table A.  This graph shows that the death

grown Saccharomyces cerevisiae
activation energy for anaerobic death is 69.129 kcal/mol


with a ±7.2053 kcal/mol confidence interval.  The line’s


statistics are below.

	SUMMARY OUTPUT

	
	

	Regression Statistics

	Multiple R
	0.993268

	R Square
	0.986582

	Adjusted R Square
	0.984665

	Standard Error
	0.042664

	Observations
	9

	 
	Coefficients
	Standard Error
	Lower 95%
	Upper 95%

	Intercept
	105.164
	4.912034
	93.54893
	116.7791

	X Variable 1
	-69128.7
	3047.1
	-76333.9
	-61923.4



	Temp in degrees C
	Death rate constant observed from aerobic yeast data
	Death rate constant predicted from anaerobic data

(lower 95% confidence limit,

higher 95% confidence limit)

	44
	4.26 E-3
±0.438 E-3
	10.235 E-3
(9.119 E-3, 11.487 E-3)

	46
	9.14 E-3 
±0.665 E-3
	20.366 E-3
(19.422 E-3, 21.356 E-3)

	48
	36.1E-3 

± 5.409E-3
	40.179 E-3
(32.622 E-3, 49.487 E-3)


Table 4:  This table compares the observed death rate constants for aerobic yeast with the death rate constants predicted from anaerobic data.


Figure 13:  This graph is a plot of the natural log of the growth rate constant verses the 1/(R*T) for aerobically grown yeast.  This graph uses the growth rate constants obtained from the Bioengineering Lab 210 Spring 2001 term.  These growth rate constants can be seen in table 5.  The statistics for the best-fit line in the graph are below.

	SUMMARY OUTPUT

	
	

	Regression Statistics

	Multiple R
	0.945825

	R Square
	0.894584

	Adjusted R Square
	0.868231

	Standard Error
	0.06499

	Observations
	6


	 
	Coefficients
	Standard Error
	Lower 95%
	Upper 95%

	Intercept
	8.552243
	2.473332
	1.685158
	15.41933

	X Variable 1
	-8717.76
	1496.293
	-12872.1
	-4563.37



	Temperature

in °C
	Growth rate constant in 1/min
	± 95% confidence limit 

	 27
	0.0024
	0.00003

	27.2
	0.00238
	3.71E-05

	32
	0.002737
	0.000185

	32
	0.0028
	6.11E-05

	35
	0.003694
	0.000128

	35
	0.00338
	0.00013

	37
	0.0031
	0.00015

	37
	0.00268
	0.00007

	39
	0.001106
	7.96E-05

	39
	0.0022
	8.57E-05


Table 5:  This is the table of the growth rate constants and their respective 95% confidence intervals obtained from the Bioengineering Lab 210 Spring 2001 semester.

Linear regression statistics of points at which the yeast was considered dead

	Week 1
	Lower 95%
	Slope
	Upper 95%
	Conclusions

	44(C Absorbance vs. Time
	0.001178
	0.00199
	0.0025087
	Still some growth

	46( 

Absorbance vs. Time
	-0.01109
	-0.00954
	-0.00799
	Death phase

	48(
Absorbance vs. Time
	-0.00037
	0.001176
	0.002724
	Slope 0


Table 6:  Linear regression statistics for week 1.  Since the slope of the line at 48ºC is not significantly different from 0, there is no change in yeast concentration and the yeast is considered to be dead.

	Week 2
	Lower 95%
	Slope
	Upper 95%
	Conclusions

	48(C Absorbance vs. Time
	-0.02243
	-0.018375
	-0.01432
	Death phase

	50( 

Absorbance vs. Time
	-0.00017
	0.000925245
	0.00202
	Slope 0

	52(
Absorbance vs. Time
	-0.00184
	-0.00101
	-0.00018
	Close to zero


Table 7:  Linear regression statistics for week 2.  Since the slope of the line at 50ºC is not significantly different from 0, there is no change in yeast concentration and the yeast is considered to be dead.  At 52ºC, the slope is very close to 0, and for all intents and purposes can be considered 0.  Again, this is an indication of death.

	Week 3
	Lower 95%
	Slope
	Upper 95%
	Conclusions

	44(C Absorbance vs. Time
	-0.00403
	-0.00339
	-0.00276
	


Table 8:  Linear regression statistics for week 3.







